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Tooth autotransplantation (AT) is a viable treatment for children with missing teeth, but 
seldom practiced in North America. To understand providers’ current knowledge, attitudes and 
practices of AT, we carried out a two-part, sequential survey (n=96) and interview (n=20) study 
among pediatric dentists and orthodontists, recruited at CE meetings in NC. Maximum variation 
sampling was used to select interview participants. Reporting was based on univariate statistics, 
emerging themes and insightful quotes. Virtually all participants (96%) had heard of or were 
familiar with AT, yet only 9% had treated a patient. The most important factor influencing 
providers’ decision was literature and evidence-based dentistry. “Adopters” viewed AT as an 
alternative standard-of-care, whereas “Skeptics” questioned esthetics and clinical outcomes. In 
NC, there is awareness, interest and willingness to consider AT as a biological solution for 
managing missing teeth. Our study provides valuable insights to inform future steps in 
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Section 1.1: Background 
In children and adolescents, the management of missing permanent teeth can be a 
therapeutic challenge for the dental provider. Teeth can be missing congenitally or lost to 
trauma, caries, periodontal disease or other pathology. Traditionally, the problem of missing teeth 
in this age group has been addressed with prosthodontic replacement or orthodontic space closure; 
however not all cases are candidates for these procedures. Removable partial dentures and 
appliances bear psychosocial implications for the young patient; while orthodontic space closure, 
arguably an age-appropriate solution, can have biomechanical limits in anchorage or insufficient 
tooth mass in cases of multiple missing teeth. Dental implants are not indicated in growing patients 
due to ankylosis and infraocclusion that precipitate long-term functional and esthetic problems; 
implants warrant consideration only when skeletal maturity is reached.1-4  Ideally, the substitute 
should adapt with the growth and development in the oral region, restore soft and hard tissues and 
have potential for long-term survival.5 In children and adolescents, truly few options exist for the 
replacement of missing teeth.   
  
Section 1.2: The Role of Tooth Transplantation   
Once thought to be an experimental treatment, the discussion of tooth transplantation or 
autotransplantation (AT) has been cited in the dental literature since the 1950s with archetypal 
ideas of autogenous and allogeneic tooth replacement dating back to the 16th century.6-13 The 
method was outlined by Drs. Slagsvold & Bjercke in the 1970s for patients with missing premolars 
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and maxillary incisors.14-15 In simple terms, tooth AT is the movement of a tooth from one location 
of the oral cavity to another in the same individual. More specifically, it can involve three distinct 
scenarios, as described by Tsukiboshi and authors: 1) transplantation of a tooth from one site into a 
different site (conventional transplantation); 2) surgical repositioning of a tooth within the same 
site (intra-alveolar transplantation); and 3) extraction of a tooth, extra-oral treatment, and re-
implantation in the same site (intentional re-implantation).16  
Clinical scenarios where transplantation is applicable include tooth loss due to caries, trauma, 
or other pathology; congenitally missing teeth; ectopic eruption of canines; surgical up-righting of 
severely impacted teeth, multiple missing teeth, or combinations of the above. Despite narrow 
clinical indications, AT requires careful patient selection and an interdisciplinary team that 
includes an orthodontist, surgeon and restorative dentist for appropriate management and success 
of treatment.17    
Long-term outcomes of autotransplanted teeth have been cited in the literature with impressive 
longitudinal follow-up. A systematic review by authors Chung et al. found a 5 - year survival rate 
of 90% for closed apex teeth, and a remarkable survival rate of 98% for open apex teeth.18 Another 
systematic review looked specifically at the success and survival rate of transplants with 
incomplete root formation (open apex) and determined >90% success and survival at one, 5 and 10 
year follow-ups.19 Yet another retrospective study of transplanted teeth in the UK found that of 329 
transplanted teeth, the mean survival time was 19.31 years with a 95% confidence interval of 
15.68-22.94 years and a 15-year survival probability of 88%.20 Mature, closed apex teeth can also 
be transplanted, however they require endodontic treatment as pulpal revascularization is 
unlikely.21 Common reasons for failure of transplanted include replacement resorption (ankylosis), 
pulpal necrosis and root resorption.22-23 Thus far, the longest longitudinal follow-up study 
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of AT cases has been 17- 41 years, which confirmed an average survival rate of 90%.5 To date, no 
other dental procedure or material reported in the literature can match these clinical outcomes.   
Beyond remarkable long-term outcomes, AT offers a natural tooth replacement that responds 
and functions like a natural tooth. In growing patients, transplanted teeth follow the development 
of the alveolar process, and have demonstrate preservation and regeneration of bone in the 
recipient site.1-4 AT has shown potential for bone induction and has been attempted in patients with 
cleft palate involving multiple teeth.24 Moreover, these teeth ensure a vital periodontium that 
allows for physiologic and orthodontic tooth movement. “Yet, AT is often not considered as a 
treatment option when teeth are lost.”1   
 
Section 1.3: Adoption in Clinical Practice 
Although an abundance of literature has been published on decision making and influences 
of adoption of new techniques in the medical field, not many have been studied in dentistry. In a 
survey by authors Cabana et al. who examined pediatrician barriers to adopting asthma guidelines, 
they used the Knowledge-Attitudes-Behavior framework as an explanatory model for the lapse in 
time between knowledge of guidelines and their adoption.32 Some of the factors included lack 
of familiarity, lack of awareness, lack of self-efficacy and low outcome expectancy.  
Studies that focus on factors that influence adoption of technologies in dentistry suggested 
that the process is not straightforward, but depends on variables like the attributes of the 
innovation, contextual factors, and adopter characteristics.33 Most studies on adoption of new 
techniques in dentistry typically focus on specific technologies and materials, rather than 
philosophical changes and paradigm shifts, such as the case with AT. A recent publication on 
dentists’ adoption of non-surgical caries management techniques (a paradigm shift in caries 
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management) explored factors that promote the adoption (family preference, patient safety and 
provider philosophy) versus barriers which deter adoption (previous practitioner negative 
experiences, high risk caries population and perceived likelihood of negative outcomes).34 
However, to date, no studies have been reported in the literature exploring the knowledge, 
attitudes and practices of AT among dental practitioners. Initiation of care begins with proper 
patient selection and timely coordination. It is in the hands of pediatric dentists and orthodontists, 
who serve as the coordinators of care and primary dental homes for children and adolescents, to 
recognize situations where AT may have advantages and offer it as a new dimension to treatment 
planning. As Slagsvold & Bjercke stated “this challenge can only be met if we are familiar with the 
possibilities and applications offered by this method [autotransplantation].”14   
 
Section 1:4 The Knowledge Gap  
Since the introduction of dental implants, AT has fallen out of favor in the management of 
missing teeth. In the 1970s “autotransplantation of premolars was a well-established method” and 
used routinely in Scandinavia.14 Currently, it is performed by select specialists in Norway, 
Denmark, Belgium, Netherlands, Japan, South Korea, Poland and Iceland.5, 23, 25-30 Despite the 
growing literature on clinical outcomes and detailed stepwise procedures, AT has yet to emerge 
from the shadows of theoretical discussion into common clinical practice. Evidently, an 
implementation gap exists in translating a treatment modality that shows marked success into daily 
clinical practice. Many barriers to implementation can be theorized, including: limited training in 
residency programs, lacking reimbursement incentives, challenges in interdisciplinary 
coordination, minimal provider experience, and the rising popularity of implants, to name a few.  
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The adoption of something new first begins with an understanding of core principles of 
knowledge, attitudes and factors impacting behavior.  The purpose of our study was to gain an in-
depth understanding of the knowledge, attitudes and practices of AT among providers who see 
children with missing teeth, specifically pediatric dentists and orthodontists. With our 
investigation, we hope to describe the current practice of AT in North America in hopes of 


















CHAPTER 2: METHODS 
Section 2.1: Study Design 
To answer the research question, we used a mixed-methods approach that integrated 
quantitative and qualitative data within a single study. The rationale is such that neither 
methodology is sufficient to capture the full story and when used in combination both methods 
complement each other and provided a more complete and in-depth answer to the research 
question. To that effect, our study used explanatory sequential design which consisted of two 
distinct phases: survey and interview. In this design, the quantitative (or numerical data) was 
collected and analyzed first, followed by the qualitative (or textual data) which elaborated on the 
results from the first phase and provide more in-depth insights. The results of quantitative and 
qualitative phases were integrated in the discussion of themes and next steps. This study was 
approved by the Institutional Review Board of the University of North Carolina at Chapel Hill, 
NC, USA (#19-2138 and #20-0999).  
 
Section 2.2: Study Sample 
Our sample included pediatric dentists and orthodontists who are currently licensed in the 
state of North Carolina and are in clinical practice at minimum one day per week, treat children 
under the age of 15 years and are not full-time faculty at University of North Carolina or Eastern 
Carolina University.  To be eligible, all participants must speak English as the survey and 
interviews will be conducted in the English language.    
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Section 2.3: Phase 1 – Quantitative Phase 
Survey Instrument Development 
The survey instrument was modeled after the Knowledge-Attitude-Behaviors  framework 
proposed by Cabana et al., which was revised to reflect the domains applicable to our study.32 See 
Figure 1. The survey was pilot tested by multiple full-time academic faculty in the pediatric and 
orthodontic departments at University of North Carolina at Chapel Hill. Revisions were made 
based on feedback received. The final survey consisted of 17 items related to demographic 
information, treatment planning for missing teeth, and knowledge, attitudes and practices of 
AT.   See Appendix 1. 
  
Figure 1: Knowledge-Attitudes-Behaviors framework for understanding adoption of 





The survey was disseminated at the North Carolina Academy of Orthodontics meeting in 
January 2020 in paper form to registered attendees. A convenience sample of 55 surveys was 
collected, from which 5 were excluded (retired, resident, location of practice outside NC).  The 
survey was also administered online at the annual North Carolina Academy of Pediatric Dentistry 
meeting in October 2020, which was held virtually. Surveys were administered to registered 
attendees at the Saturday Opioid course. A total of 68 responses were collected and 34 were 
excluded due to incomplete entries, out of state participants, resident, retired or full time academic 
faculty. Additional efforts to recruit participants was via dissemination of the survey to NCAPD 
listserv members by email, where 19 total surveys were collected and 12 excluded. To account for 
duplicates, the first question in the survey was “ have you completed this survey before.”  
 
Data Analysis 
Univariate and multivariate statistics were used to analyze survey data.  
 
Section 2.4 Phase 2: Qualitative Phase  
Interview Guide Development 
A semi-structured interview guide was modeled after the survey instrument and served to 
inform and elaborate on the numeric results obtained from the first phase. The interview protocol 
was pilot tested on two full-time faculty, one pediatric dentist, one orthodontist, and revised based 
on comments. The protocol questions were revised and additional probing questions were added as 




Self-identified participants from phase 1 were selected by maximum variation sampling 
based on 3 parameters: years in practice, geographic location and gender in order to be contacted 
for participation in phase 2. Participants were contacted by email and phone. If a response was not 
obtained, a second attempt to contact by email and phone. If the participant was unreachable or 
declined, the next candidate participant was selected. A total of 10 pediatric dentists and 10 
orthodontists were interviewed.    
 
Figure 2: A geographical representation of interview participants’ practice location by county 
 
Data Analysis  
Consent was reviewed (see Appendix 3) and each interview was digitally recorded via 
Zoom (www.Zoom.com) transcribed verbatim  (www.Rev.com). Transcripts were de-
identified, coded and thematically analyzed  using  Atlas.Ti Version 8.0 software. A combination of 
deductive and inductive codes was used to capture both the researcher’s a priori understanding as 
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well as the participants’ framing of what mattered most to them, expressed in their own words. A 
deductive approach using Cabana’s Knowledge-Attitudes-Behaviors framework was used for 
organizing codes.  Steps in the qualitative analysis included 1) preliminary exploration of data 
by reading through transcripts and using a priori codes developed from the survey and interview 
questions 2) writing memos of common themes 3) verifying the codes through inter-coder 
agreement with KD 4) refining code book and re-coding documents to prune as needed 5) 
connecting and interrelating themes 6) cross-case thematic analysis. Two interviews were analyzed 
by another member of the research committee to ensure consistency in coding (KD). Any major 
differences or disagreements in coding were compared and discussed between KD and the 
principal investigator (AD). A codebook of 53 codes was created based on specific aims of the 
study, study questions, and recurring topics found throughout the interview. See Appendix 5. In 
sum, data interpretation was based on a priori codes modeled after survey and interview 
questions, development of in vivo codes, emerging and recurring themes, and insightful 
quotes. Reporting of the qualitative analysis results followed the Standards for Reporting 











CHAPTER 3: RESULTS 
In this section we will first present quantitative results followed by general themes and 
illustrative quotes that emerged from the semi-structured interviews.    
  
Section 3.1: Sample Characteristics   
A total of 96 participants completed the survey, 46 (48%) were pediatric dentists and 50 
(52%) were orthodontists practicing in North Carolina. The typical participant was: 48 years 
old, had spent 18 years in practice and was in a private practice setting. The study participants were 
compared on the following demographic characteristics: age, gender, years in practice and practice 
setting. There was a significant difference in the proportion of participants who were male and 
female based on specialty (p<0.001). 82% of orthodontists were male, while 72% of pediatric 
dentists were female. There was also a significant difference in mean age (p<0.001; 95% CI, 3.54) 
and mean years in practice (p<0.001; 95% CI, 3.86), where orthodontists were older and in practice 
by 9 years on average.   Finally, a significant difference in proportion of providers in practice 
setting was found (p<0.05), such that pediatric dentists were more likely work in group private 
practice, whereas orthodontists practiced individually.  
  Using maximum variation sampling, 10 pediatric dentists and 10 orthodontists were 
selected to participate in the interview portion of the study. We aimed to match the two groups 
based on age, years in practice and geographic location. The sample represented the Piedmont and 
Coastal Plains regions of North Carolina. There was an even split between males and females, the 
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average interview participant was 46 years (SD =11), had spent 14 years (SD = 11) in practice and 
was either in group or solo private practice.  
 
Table 1. Demographic characteristics of survey participants by number and percentage of 
respondents 
 
Characteristic                                 Cumulative 
(n= 96)   
Pediatric Dentists  
 (n = 46)         
Orthodontists    
(n = 50)   
p-value   
               
Age (years); mean (SD); median 
(range)   
48 (13); 54 
(28-83)   
44 (11); 42 (28-83)   53 (13); 50 (29-
77)   
0.0006***   
Gender            0.0000***   
   Male   54 (56%)   13 (28%)   41 (82%)      





   18 (13); 15 (0-
55)    
13 (11); 10 (0-55)   22 (12); 20 (1-49)   0.0002***   
Post- graduate 
year   
Mean (SD)   2002 (13)   2007 (11)   1997 (12)      
   Median/ Range    2005 (1970-
2020)   
2010 (1970-2020)   2000 (1971-2019)      
Practice 
setting   
Private practice – 
Group   
44 (46%)   28 (62%)   16 (32%)   0.015*   
   Private practice - 
Solo   
39 (41%)   11 (24%)   28 (56%)      
                  
   Academia (part-
time)   
8 (8%)   4 (9%)   4 (8%)      
   Other (Public Health/ 
Community Center)   
4 (4%)   2 (4%)   2 (4%)      
   Note: the p-value was determined by two sample independent t-test with equal variance and 
chi squared test.  
Percentages may not be 100% because of rounding.   
*p < 0.05    






Table 2: Demographic characteristics of interview participants by number and percentage of respondents    
   
Entire sample  (percent) Pediatric Dentists Orthodontists 
  Total (%) 20 (100)   10 (50)   10(50)   
Sex             
male  (%) 10 (50)   4 (40)   6 (60)   
female  (%) 10 (50)   6 (60)   4 (40)   
Age             
mean (SD)   46 (11)   46 (8)   47 (14)    
median (range)            
Years in practice             
mean (SD)   14 (11)   12 (9)   16 (14)   
 
         
Practice Type             
Private Practice -Solo  (%) 10 (50)   5 (50)   5(50)   
Private Practice -Group  (%) 10 (50)   5 (50)   5(50)   
PT academics   (%) 3 (15)   2(20)   1(10)   
 
 
Section 3.2: Current Trends in Managing Patients with Missing Teeth  
Patients with Missing Teeth  
On average, providers reported seeing 49 (SD=81) patients with missing permanent teeth 
either due to trauma, missing congenitally, or due to caries or pathology in the last 6 months. The 
range varied from 0 to 480 patients. There was no significant difference in the mean patients seen 






Treatment for Missing Teeth  
When considering treatment options for missing permanent anterior teeth, providers 
selected orthodontic space closure 92% of the time, followed by implants (89%), fixed 
prostheses (64%), removable prosthesis (58%) and autotransplantation (29%). Other solutions that 
were suggested included: consulting with family dentist, canine substitution and referring to 
orthodontist. AT was significantly more popular as a solution for missing anterior teeth among 
pediatric dentists (41%) than among orthodontists (18%) (p <0.05), while fixed prosthetics were 
significantly more likely to be recommended by orthodontists (76% of the time, p< 0.01).     
 For missing permanent posterior teeth, providers selected orthodontic space closure 91% 
of the time, followed by implants (88%), fixed prosthetics (48%), removable prosthetic (33%) 
and autotransplantation (26%). Other categories included: consulting with family dentist, 
maintaining the baby tooth, not replacing the tooth at all, referral to orthodontist for evaluation and 
planning. Removable (43%, p=0.028) and fixed (63%, p=0.003) prosthetic solutions were 
significantly more popular among orthodontists.  
  
Emerging Themes for Patients with Missing Teeth   
Solutions for missing teeth proposed by orthodontists and pediatric dentists largely 
depended on anterior or posterior regions. There was a correlation between prosthetic solutions 
being favored for missing anterior teeth and natural solutions being favored for posterior teeth. On 
average, the most popular options were implants and orthodontic space closure, which paralleled 




Decision making is a family process    
Providers offered good discussion for natural and prosthetic solutions for missing teeth. 
Natural solutions discussed included orthodontic space closure, maintaining the primary tooth and 
leaving the space as is. Prosthetic solutions included implants, Maryland bridges, space 
maintainers with pontics, removable retainers with denture teeth and fixed dentures. In the anterior, 
considerations for orthodontic space closure included finishing with natural tooth structure and 
limiting long-term costs and treatment plans for the patient.  Removable and fixed appliances were 
also part of the discussion, and were elected as an intermediate short-term solution that would 
eventually be replaced with implants when patient reached skeletal maturity. In the posterior, more 
often than not orthodontic space closure was seen as the most favorable approach. Both 
orthodontists and pediatric dentists valued patient education and discussion of treatment options 
with families.  Ultimately, providers discussed all options but it was in the hands of the family to 
make an informed decision for their child.   
 “We always give them [parents] sort of the short-term fixes that we have, and 
then the long-term plan so that the parents can understand what they're looking at 
and get a lay of the land before they go down one road.”  
  
“We prioritize based on our knowledge and our experience, but the parents are the 
final decision makers, so they decide based on what is important to them.”   
    
“I think that we're just really interested in making sure parents understand 
everything, that they ask all the questions and then they make an informed decision, 
and I know I keep repeating that, but we really try to present that information 
bluntly and very clearly.”  
  
Natural tooth options   
 Providers valued treatment that was definitive and functions and resembles natural 
dentition as much as possible. Consideration for simple and efficient treatment including 
achieving all natural tooth structure when possible and giving patients a restorative option earlier 
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in life that preserves the hard tissues and grows with the patient. Providers offered creative ways 
that they manage biomechanics using headgear and TADs to move teeth in order to achieve 
goals with space closure rather than implants. AT was brought up as an option when patients had 
multiple missing teeth, or more than one missing tooth in a quadrant.    
 “Having something that potentially could be placed and can grow vertically with the 
patient. And give them a restorative option earlier in life, I think, that does have a 
huge upside for patients.”   
   
“We'll just have them have less dentistry in their lives, which is I think a real 
benefit. So I tend to lean towards keeping natural teeth in the mouth if possible.”   
    
 “No matter what the restoration is, anytime a man does something, no matter how 
good they are, you run the risk of having to have it redone, the associated cost to do 




Less dentistry for life   
Many providers strongly believed that doing what is best for the patient means avoiding 
long-term treatment plans and choosing a “less dentistry approach.” Although the decision for 
treatment is made at an early age in the patient’s life, providers placed great emphasis on the long –
term financial burden that these decisions might have.    
  “We also talk about the lifetime dental cost of an implant. If you can substitute a 
tooth and have good aesthetics, it's not just that it's going to be an easier childhood 
for the kid. It's what is the lifetime cost of that missing tooth?”  
   
“I'm trying to think long-term for the patients. So, I mean, obviously we're trying to 
look at aesthetics, that's important. But also kind of how much kind of long-term 
management this or that treatment is going to commit them to.”   
   
“Having that conversation with the parent and really making them aware of, okay, 
we're not just treating it in the here and now, but this has ramifications down the 




Section 3.3: Provider Knowledge of Autotransplantation  
Awareness and Familiarity   
Awareness was defined as acknowledgment of the existence of a procedure; while 
familiarity was defined as content knowledge and self-reported familiarity of the procedure. Of all 
providers, 96% had reported hearing about AT, with no significant difference in proportion 
of pediatric dentists and orthodontists (p> 0.05). Most providers were slightly familiar with AT 
(43%) or moderately familiar (33%) and only 20% were very familiar, with no difference in 
proportion between pediatric dentists and orthodontists in terms of their familiarity (X2(3)=6.1404; 
p =0.105).   Most providers reported learning about AT from continuing education courses (69%) 
and residency (52%). Orthodontists were significantly more likely to hear about AT from other 
sources (p<0.05). Some of the commonly described included: colleagues, literature, local 
specialists, online lectures, private practice, study clubs, communication with trauma team.   See 
Appendix 4.  
  
Emerging Themes Related to Knowledge  
 Conceptual understanding of AT   
All interviewed providers were aware of AT as a therapy, although a few were under the 
impression that AT was a theoretical option rather than a practical solution. Providers had a 
conceptual understanding of AT, but lacked in-depth understanding of the stepwise protocol 
involved in transplanting a tooth. Those that had a foundational understanding had learned about 
AT at local CE seminars and presentations in their direct community. There was a general sense 
of uncertainty among providers on the selection criteria of a candidate tooth for transplantation. 
Specifically, confusion centered around (1) indications for root canal treatment, (2) appropriate 
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timing for transplant; and (3) the type of donor tooth relative to recipient site. Providers 
inaccurately believed that endodontic therapy is indicated for all transplanted teeth, donor teeth 
need to have an open apex, and were misinformed on which teeth could be transplanted to the 
anterior region of the mouth.   
 “I tend to think of autotransplantation as, you take a perfectly good tooth, extract it, 
prepare a site, put it in that site... You have to do a root canal on it, I would think, 
and you have to stabilize it. I don't know how long you have to stabilize it, but...And 
then you would restore it.”   
  
“One of the reasons that I'd hesitate is, because I don't have all the answers for them. 
Because the parents want to know, "What are we looking at? What's the timeline? 
What does that mean? Why is this better than saving space and doing an implant 
later? Why would we go through that? What's the cost?" ” 
  
“I did not even know that that was an option. I had heard about it, but I sort of grouped 
that in with, "Oh, people grew a tooth in a Petri dish." So I know it's out there, but I 
don't know anything about it or what the applicability is or feasibility for 
incorporating that as a real treatment option until I heard about your study.”   
  
Appreciation for multidisciplinary approach   
Providers generally appreciated the multidisciplinary approach necessary for AT. They 
mentioned the team-approach to include oral surgery, orthodontics, endodontics, periodontics 
and restorative dentistry. Pediatric dentists reported consulting with orthodontists in the 
management of cases with missing teeth. Those that were involved in cases referenced hospital 
based residency programs, dental institutions or multispecialty providers with systems in place for 
an interdisciplinary model of care that could bolster AT as a therapy.   
 “With those complicated big cases, I think you have to have multi specialties involved. 
It's crazy. There are definitely dentists who do it all themselves, but it just, it seems 
like you want to have all your I's dotted and T's crossed, I guess.”   
  
“I mean, I guess, it would be sort of a multi-factorial thing, with an oral surgeon and 
an orthodontist and myself, or even a general dentist or restorative dentist.”  
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Good understanding of clinical indications for AT   
There was a general concordance among provider that a narrow spectrum of clinical cases 
where AT would be indicated. Some suggested examples included cases with multiple missing 
teeth (especially in a single quadrant), traumatically affected teeth, impacted canines, ankylosed 
anterior teeth, compromised first molars. Several providers also discussed cases where they 
would not recommend AT, including missing lower lateral incisors, non-growing patients and 
cases where the transplant would yield complicated orthodontic movement that would not simplify 
the overall treatment plan.  
 “You've identified an ectopic canine that is either on course to cause root resorption 
or it's in a bad enough place where if you try to bring it in with traditional orthodontic 
traction, you run a high risk of damaging adjacent teeth or it taking a really long 
time because of how far off course it is. Those make excellent candidates to refer 
for autotransplantation, because there's a lot of upside and not as much downside. 
So that's as far as the ectopic teeth.”  
   
“So it depends, if they're missing... Usually I don't bring it up if they're just missing one 
tooth in a quadrant. If they're missing two or more I'll bring it up because then you 
don't have the option to close the space.”  
  
"There was a patient a month ago that I am treatment planning for auto-
transplantation… they needed to have upper teeth extracted in order to fix an overjet. 
But they were missing their lower second pre-molar.. We take out the tooth on top, 
and put it on the bottom."   
 
Section 3.4: Provider Attitudes towards Autotransplantation  
Providers showed a varied interest in implementing AT in their practice: 37% of providers 
were slightly interested, 29% moderately interested, and 22% very interested. Only 13% of 93 
providers were not interested at all in implementing AT. There was a significant difference in 
proportion of pediatric dentists and orthodontists and their level of interest (p<0.017). Self-
efficacy, which is how likely they feel about confidently being involved in AT was rated 4.45 
(SD=0.81) out of 5 on how influential it is in being involved in AT. Lack of motivation to try AT 
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due to the routine and inertia of knowing how to do other procedures was rated as 
4.01 (SD=0.85) on a scale of 5.  See Appendix 4. 
  
Emerging Themes Related to Provider Attitudes  
Top emerging themes related to provider attitudes in order of frequency of coding were 
(grounded parameter on atlas): 1) outcome expectancy 2) “fills a need” 3) simple and efficient 
treatment 4) best patient experience 5) lack of motivation 6) “it makes sense” 7) “nothing to lose” 
8) value of learning and advancement 9) lack of self-efficacy. See Table below for definitions 
and illustrative quotes for each theme.   
 To best understand the various attitudes that pertained to orthodontists and pediatric 
dentists, we noted that providers fell into four different categories based on their level of 
interest and degree of participation in AT. Adopters showed an interest (slight, moderate or high) 
and had been involved some capacity (considered, referred, participated) with AT in the past. Non-
adopters had no interest and no history of participation; Skeptics had no interest and some history 























Adopters believed that AT fills a need for children with missing teeth when better 
alternatives are lacking, especially in cases with multiple missing teeth. AT minimizes 
failures associated with implants, crowns and other prosthesis meanwhile providing better bone 
preservation and vertical growth. Adopters had high outcome expectancy acknowledging 
longitudinal data on the success of transplanted teeth. They viewed implants as an option if worst 
case scenario the transplant teeth were to fail and the patient would have nothing to 
lose by attempting an autotransplantation. Adopters viewed AT as a therapy that makes 
sense biologically and practically, especially in cases where patients have teeth extracted due to 
crowding and may be missing teeth in another area of the mouth. Adopters felt that to fulfill their 
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ethical obligations as health providers they needed to inform families of all the treatment options 
and associated risks and benefits. They described AT as a standard of care for specific 
patients and valued learning and advancement in their profession and evolving to provide what is 
best for the patient, especially if it would contribute to an overall better patient experience. They 
had an overall perception of “never being too old to learn something new,” and were receptive to 
new therapies and technologies in dentistry.   
 “How does that evolve to help so that you can be what the patients need? You can 
help them feel better about themselves or have better health for the rest of their 
years. I mean, that's why we do what we do.”   
  
“If it's really a more comfortable way, a more efficient and biologic way, there's 
absolutely no reason to not embrace the technology. I mean, then my opinion is 
you're just being stubborn and set in your ways... if it's good for the patient, then 
why not? I mean, don't fear it just because it's a new technology. You're never too 
old to learn something that's new.”  
  
"Is it a problem?" There was a patient a month ago that I am treatment planning for 
auto-transplantation… "This makes perfect sense. We take out the tooth on top, 
and put it on the bottom." And it saves them from having the implant.”  
  
Believers   
These providers valued simple and efficient treatment that saved money, time and effort for 
the patient in the long run.  They believed that AT offers “the path of least resistance” especially in 
cases with impacted canines where the alternatives involve surgical exposure, 
orthodontic maneuvering of the space and complex biomechanics. By mitigating these factors, 
decreasing treatment time and risk, AT can yield an overall better patient experience for certain 
candidate patients. Despite these values, Believers demonstrated a lack of motivation to try 
AT, when alternatives such as implants have evolved to be widely accepted among patients and 
providers alike. Comfort with the procedure and competency in managing failures was one of the 
main reasons that AT had not yet been attempted. In essence, Believers had a low self-
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efficacy because they had never actually done a case and felt more confident recommending 
patients to a surgeon, colleague or institution that had previously done cases.    
“I don’t have the confidence to tell my patients that this is for sure going to work 
because I haven’t done it before.”   
  
Skeptics   
A few of the providers were Skeptics and generally agreed that AT makes 
sense biologically and in select instances, but questioned the rationale for treatment if it 
created complex treatment plans with advanced biomechanics, when simpler 
alternatives exist. They referenced scenarios where AT had been utilized in replacing incisors after 
trauma or congenitally missing lateral incisors, and preferred treating patients with more 
predictable options like orthodontic space closure. Further, Skeptics had low outcome 
expectancy related to both success and esthetics of AT. They were intolerant of the short-term 
esthetic outcomes of transplanted teeth, such as premolars transplanted to the anterior region and 
believed that “it was a tough sell” from an esthetic standpoint. In addition, they were dubious of 
the reported high level of success and questioned its validity. Skeptics had low motivation to 
recommend AT as a therapy to patients due to wariness of the possible negative sequelae and risks 
of transplantation, especially when providers were already using conventional methods like 
orthodontics with good outcomes.    
“I'm not completely sold in terms of knowing exactly the data about the stability of 
it... saying that it has a 99% success rate. And I'm like, "That seems really, really 
high, for a biologic process. That almost a guarantee." And I'm like, "That just seems 
a little off to me."   
  
“If this was my kid, you're going to look special for quite some time, with this 
premolar sitting in the socket of the number eight.....It's a real tough sell. But maybe 




Only a couple of providers fell into the Non-adopter category. Generally, Non-
adopters were concerned about the complexity of transplanting teeth as it involves “a lot of 
surgery, blood, surgical technique and interdisciplinary care.”  Instead they valued simple and 
efficient treatment that balanced the investment of time and resources with the acquired risk. They 
contrasted AT as a therapy with potential for high risk and low yield, against the predictability of 
using SDF which offer low risk and high yield. AT was seen as a procedure where patients 
had something to lose – whether it was time, surgical intervention and the risks associated with it. 
Overall, Non-adopters demonstrated low desire for learning and 
advancement amidst alternatives they felt more comfortable providing to patients.   
 
  "You think about teeth that have been avulsed, and you put them back in. And then 
you get external root resorption, ankylosis. There're all these problems like, "Well, 
how is this any different?"   
  
“In the last six months I probably had a couple of cases that it would have been good 
for that it never crossed my mind because it's just not in my tool bag at this time, 
because I just don't know a ton about it. I think auto transplantation just like SDF is 
a liquid that I can put on pretty easily, and so my investment in terms of my time and 
my resources seems pretty low and it has low risk and high yield or potential for low 
risk and high yield.”  
  
“Auto transplantation to me sounds like surgery and like GA facilities and lots of 
blood and lots of surgical technique and possible interdisciplinary care, then who's 
going to pay for their time. And what are the upfront costs that I have to put into that? 
Do I have to put it in training? I would say one of the other things is how many people 
are actually going to use this.”   
  
“So SDF, I know I've seen tons of patients that can benefit from that, and I have very 





Section 3.5: Provider Practices of Autotransplantation  
In general, from 95 survey respondents 20% had considered AT, 26% had referred at least one 
patient for AT, and 9% had participated as part of an AT team. 45% reported no involvement at 
all. Factors that influenced providers’ decisions to implement autotransplantation were rated in order 
of most to least important: (1) evidence-based dentistry (4.67, SD=0.52),  (2) patient experience (4.44, 
SD=0.62),  (3) presence of professional guidelines (4.18, SD=0.78), (4) additional resources (4.03, 
SD=0.94),  (5) interdisciplinary coordination (3.79, SD=1.01), (6) malpractice liability (3.58, 
SD=1.13), (7) number of required visits (3.21, SD=0.91); and  (8) reimbursement (3.09, SD=1.05). 
 
Emerging Themes Related to Practices and Behaviors  
From the 20 interviewed participants, only two participants (10%) had no degree of 
involvement in AT. Similar factors influenced the decision-making process of implementing AT, 
however their importance among providers was different. Here are the factors in rank order of 
frequency of report: 1) literature and evidence based dentistry 2) interdisciplinary coordination 3) 
available resources 4) family factors – cost/time 5) reimbursement 6) malpractice liability & 
professional guidelines 7) number of visits.  Between provider comparison (row relative 
frequency) demonstrated that malpractice liability was 3 times more important to orthodontists 
compared to pediatric dentists (75% vs. 25%); whereas reimbursement (row-relative frequency) 
was more important to pediatric dentists (61% vs. 39%). Within each provider category (column 
relative frequencies) demonstrated that the most important factors for orthodontists 
and pediatric dentists was literature/evidence based dentistry (19% and 29% respectively) followed 
by interdisciplinary coordination (16% and 19% respectively). Overall, there was a range of 
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opinions about the level of importance of each factor in the decision to implement AT or not, 
below is a summary table of each factor and illustrative quote.  
 
Evidence Based Dentistry   
 High Importance: Most providers valued evidence-based dentistry and published 
literature; especially when contemplating adoption of a new therapy. Providers were interested in 
knowing the risks, benefits, and short and long-term outcomes based on high level of evidence such 
as randomized control trials or systematic reviews. Low Importance: While providers 
acknowledged that low-grade evidence predominates the literature on AT - it is not possible to do 
RCTs - they argued for the expansion of a “para-evidence space” where treatment is grounded on 
basic science principles of anatomy, histology and physiology. In the end, the provider should use 
caution and professional judgment when applying evidence on an individual case by case basis.   
  
Family factors & expectations   
  High Importance:  Multiple patient-related factors were mentioned to be of high importance 
in the decision to implement AT. These factors concerned the patient’s short-term and long-
term outcome and associated costs. There was an emphasis on the idea that often times decisions 
were made by the family unit that would impact the child in their adult life, so choosing a therapy 
that would require minimal maintenance and long-term costs, such as AT, would be 
preferable.  Low importance: Deterrent factors to implementing AT included: the family dynamic 
as it relates to compliance, tendency to miss appointments, logistics relating to transport, patient 
risk factors and the family’s general scope of understanding treatment recommendations. Providers 
also discussed practical factors like insurance coverage of services and the impact of finances on 
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patient decision-making. Due to the involved nature of AT therapy, providers discussed selecting 
a candidate family where these variables would be inconsequential to the final outcome in order to 
avoid adverse long-term situations.   
  
Professional guidelines   
  High importance: A spectrum of views existed among providers on the value of 
professional guidelines in their decision to implement AT. Some believed that clear guidelines 
would help AT, as a new therapy, to gain popularity among colleagues by increasing familiarity 
and knowledge. Proponents highlighted the role guidelines have in protecting families, patients and 
dentists, while others advocated for the use of guidelines endorsed by international and European 
dental communities, suggesting that American guidelines are not the gold standard in 
today’s global world. Low importance: Providers felt it is acceptable to recommend treatment not 
supported by professional guidelines, so long as patients are well-informed, it is the best treatment 
option, and the provider abides by the tenant of “do no harm.” Those who considered themselves 
early adopters argued that most novel inventions arise by individuals doing something innovative 
and cutting edge. Thus far in the field of dentistry, the initial use of TADs and SDF were novel 
therapies that lacked support from guidelines; perhaps AT could be next.    
  
Reimbursement   
  High Importance: Although reimbursement may not be a direct concern for providers per 
se, it can be a factor affecting other specialists’ willingness to provide services related to 
transplantation given its associated expenses and liability. Furthermore, reimbursement is directly 
related to insurance, which can be a major impediment when families make decisions that are 
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often governed by the limitations of their insurance plans. These were some of the common 
reasons reimbursement was considered of high importance in the discussion of AT. Low 
importance: Many suggested that  reimbursement was a factor but not the most important factor 
when choosing to implement AT. Other factors like chair time, staff overhead, and amount of time 
allotted to the learning the procedure were also variables of significance. A common theme among 
these providers was recognizing that some cases will not be income generating, but are worthwhile 
because they provide good care for patients.    
  
Malpractice liability   
  High Importance: Providers who considered malpractice liability of paramount importance 
referenced the litigious nature of the society we live in, especially communities 
in metropolitan areas. To minimize the potential for litigation when doing experimental 
procedures, some suggested measures included: proper patient selection, knowing the families 
well, thorough review of risks, benefits, alternatives and sound documentation. Low 
Importance: Those who ranked liability as insignificant to their decision to implement AT 
discussed the idea that helping someone with no better options and keeping their best interest in 
mind would absolve the provider from any litigious acts. In addition, malpractice would 
be applicable if the professional was simply doing harm, making a bad recommendation or 
performing “wrong dentistry.”   
  
Number of required visits  
High importance:  Providers who saw the total number of visits as a deterrent to offering 
AT were concerned about the inconvenience to patients. Low importance: Other providers 
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believed that once graduated from the surgical component, the upfront investment in time was not 
much different than what is typically required for alternative therapies like endodontic treatment 
and prosthetic fabrication.  
 
Interdisciplinary coordination   
High importance: Generally, almost all providers recognized that interdisciplinary 
coordination is a critical aspect to the success and feasibility of AT. Providers mentioned 
collaborating with other specialists, such as orthodontics, general dentistry, periodontics and oral 
surgery, to be an enjoyable experience though set-backs in finding experienced colleagues in their 
local area was a factor. Low importance: According to those that were deterred by AT, there was a 
discussion of increased investment in time, effort and cost. Many would suggest that offering AT 
to patients is possible, however they are met with a resistance from the surgical team who either 
lack knowledge or awareness and would “kind of laugh at you” if bringing up re-
implantation. They referenced the importance of a competent and confident oral surgeon in the 
team. Providers report the communication aspect is difficult in private practice – “its very hard to 
get endo, pedo, ortho even on the same email chain, in a reasonable way.” Thus the logistical and 
communication side of interdisciplinary coordination can be deterring factors.   
 
Additional resources  
High importance:  Most providers mentioned that increased availability of resources would 
support their decision to implement AT, some of which included: continuing education courses, 
published case reports  and cases shared within local communities; publicizing at lunch and learns, 
professional meetings and sharing success stories in the community. Low importance:  Almost no 
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providers suggested that available resources were not important in their decision to implement AT, 








































CHAPTER 4: DISCUSSION 
 
Section 4.1: General Discussion   
In our study, we aimed to understand the knowledge, attitudes and practices 
of autotransplantation among providers who care for children with missing teeth in North Carolina. 
A past quote from by Dr. Mitsuhiro Tzukiboshi stating that “autotransplantation is often not 
considered as a treatment option when teeth are lost” inspired us to investigate why AT is not 
more commonly offered in North America. 1 To our knowledge, this is the first study of its kind 
and will help illuminate the current practice landscape among pediatric dentists and orthodontists. 
We hope to lay the groundwork for understanding where barriers exist in the adoption of AT in 
North America.   
 
General Management of Missing Teeth 
Management of patients with missing teeth was frequently encountered in practice. Most 
providers reported seeing an average of 49 patients with missing teeth in the past 6 months, with a 
range of 0 to 480 patients. There is a paucity of literature on the cumulative prevalence of missing 
teeth in children, as teeth can be lost due to trauma, caries, or other pathology. In a study looking at 
prevalence of dental injuries in children over a 12 month period in Massachusetts, 8% of all 
traumatic injuries suffered by children (338 total) involved an avulsed tooth, of which 66% were 
primary teeth.35 It is much more common for teeth to be missing congenitally, with a reported 6% 
prevalence in the white population, excluding third molars. The most frequently missing teeth 
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are the mandibular second bicuspids (3.4%) followed by maxillary lateral incisors (2.2%).36 
Evidently there is a need for therapies that address missing teeth in children and adolescents.  
 In our study, we found that for both anterior and posterior regions, providers depended on 
implants (89% and 88% respectively) and orthodontic space closure (92% and 91% respectively) 
as definitive solutions. We were not surprised to see these solutions given that more than half of 
our participants were orthodontists. Likewise, we acknowledge that there has been a shift towards 
implant therapy in clinical practice as a first line of therapy for missing and hopeless teeth. 
This movement is influenced by paradigms that stem from dental education, misinformation in the 
literature on long-term success, in addition to marketing and incentives from implant 
companies. More clinicians focus on implant solutions rather than tooth support solutions, because 
they are perceived as more reliable among clinicians and more readily accepted among patients.37 
On the other hand, AT as a solution for missing anterior and posterior teeth was only selected 29% 
and 26%, respectively, second to last from “other” options.   
 We found three major themes that reflect providers’ values when selecting therapies for 
missing teeth: 1) decision making and treatment planning is a family process, 2) natural tooth 
options are preferred for the growing patient, and 3) “less dentistry for life” approach. Amidst an 
era heavily dominated by implants, autotransplantation offers a therapeutic solution that rivals 
alternatives and it is a therapy that could satisfy the values that comprise providers’ philosophy.   
 First, AT is a natural tooth solution that preserves both hard and soft-tissues with 
longitudinal data that far exceed the reported outcomes of implants. A systematic review by Rohof 
et al. found that after 1, 5 and 10 year follow up the survival and success rates of transplanted teeth 
with incomplete root formation was >95%.19 In yet another retrospective study by Boschini et al. 
looking at mature donor molars found that at a mean follow up time of 11.9 years, success rates 
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were 80% and survival rates 95%.38  AT offers natural tooth solution with very high success rate 
and a relatively short overall treatment burden compared to the alternatives. One provider stated: 
“We also talk about the lifetime dental cost of an implant. If you can substitute a tooth and have 
good aesthetics, it's not just that it's going to be an easier childhood for the kid. It's what is the 
lifetime cost of that missing tooth? There's going to be one implant. Hopefully just one. They're 
going to be multiple crowns on top of that implant throughout their lifetime.”   
 Second, the long-term financial implications to patients suggest that AT is a much more 
favorable option than implants when cost is considered. In addition, relative to many other 
prosthetic options despite the upfront intensity of procedures, it yields overall a less expensive and 
invasive long-term treatment plan. Autotransplantation may be a long-term lower cost solution that 
predicates less dentistry for life.  “Tooth transplantation is not sponsored by any company, 
because it is a natural replacement, so it can only be popularized by us.”22  
 Third, providers see themselves as the facilitators in decision making process and 
educators that present all the options to families. Ultimately it is the decision made by the family 
unit and the providers responsibility to provide all options. One provider stated: “We prioritize 
based on our knowledge and our experience, but the parents are the final decision makers, so they 
decide based on what is important to them.”  
  
Providers’ Knowledge, Attitudes and Practices 
We used the Knowledge-Attitudes-Practices global behavior model which has been tested 
by Cabana et al. examining guideline adoption among physicians. This model suggests that 
knowledge is essential for effecting changes in attitude which lead to changes in behavior.   
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Knowledge about a topic encompasses both awareness, the ability to acknowledge the 
existence, and familiarity, practical understanding of the subject matter. To our surprise, almost all 
providers had awareness of autotransplantation (96%) and most garnered some level of familiarity 
(43% were slightly, 33% moderately and 20% very familiar). Most providers had conceptual 
understanding of autotransplantation but lacked in-depth knowledge of treatment protocols, they 
had a general sense of patient indications for AT, and an appreciation for an interdisciplinary team 
to care for patients. Overall, providers had a theoretical understanding of AT and grasped the 
“why” but lacked practical knowledge of the “who, what, where, and when” in knowing how to 
translate this from a possibility into a reality. We thus identified insufficient knowledge as 
contributory to the barriers affecting adoption.   
Attitudes are defined as a providers’ settled way of thinking and feeling about a topic, 
typically reflected in their behavior. As such, to understand providers’ attitudes we categorized 
them based on their expressed level of interest and participation in AT. Most surveyed 
providers (87%) demonstrated some level of interest to try AT, whereas just over 55% had either 
considered, referred or participated in an AT team. Our interview paralleled these results as 60% of 
interviewed participants fell into the Adopter category, suggesting that most providers had a 
positive and optimistic attitude towards AT as a new therapy; the remaining providers believed in 
the procedure but not their own abilities (Believers),  questioned the true outcomes of transplanted 
teeth in the long run (Skeptics), or simply undervalued learning and advancement in their career 
and hence had no interest in any new therapies (Non-adopters).   
In the adoption literature, The Diffusion of Innovation Theory, developed by Rogers in 
1962, argues that adoption is a process where some individuals are more likely to adopt than others 
based on inherently different characteristics.39 There are five categories of individuals described 
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based on their propensity to adopt: “innovators, early adopters, early majority, late majority, and 
laggards.”38 We propose an alternative model that aims to categorize individuals based on a cluster 
of attitudes we consider characteristic of each group. We acknowledge that this model needs 
further validation, but could be an alternative way of understanding adoption patterns among 
providers.   
 Behavior or practices of AT included providers’ actual participation in cases as well as 
factors that impact their future inclination to participate. Only 9% of interviewed participants 
reported participating in a team to treat patients with AT, whereas 14 of the 20 interviewees, or 
70% had participated, suggesting a selection bias. Of those who had participated or referred cases, 
the types of cases included: impacted teeth – canines, ectopic premolars; transplantation of third 
molars to first molar region; relocating premolars from one jaw to another to resolve malocclusion; 
trauma to anterior teeth; ankylosed teeth; multiple missing teeth; cleft sites; compromised sites 
after re-implantation post-avulsion and macrodonts. There was no notable parallelism between 
emerging themes from the interviews and rank order of factors that influence providers’ decision 
to implement AT. The only common factor that was ranked highly among both surveyed and 
interviewed participants was the presence of literature and evidence supporting AT.  
Overall, we found that North Carolina pediatric dentists and orthodontists generally have 
conceptual knowledge, genuine interest and a positive attitude towards autotransplantation; though 
few providers have actually participated in a team to treat patients with AT. The top factor 
impacting behavior is presence of evidence in the literature in support of AT. We postulate 
that barriers exist at each level of the Knowledge-Attitudes-Behaviors model and interventions that address 
each phase could help close the implementation gap and allow for AT to be championed into clinical 
practice. As with the adoption of anything that is novel, it starts with understanding where the limitations lie 
and perhaps we have already initiated steps in that direction with our current investigation.  
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Section 4.2: Strengths and Limitations  
 As with any investigation, there are inherent strengths and limitations to the research 
design.  Strengths: A significant strength was our mixed methods study design that allowed us to 
tell the full story using complementary quantitative and qualitative data. We aimed to be consistent 
with our methodology between provider groups, despite some setbacks from the COVID 
pandemic. As a result, our survey sample was robust and our interview sample exceed theoretical 
saturation point in terms of emerging themes. We also believe that both the survey instrument and 
interview guide were thoughtful crafted, questions were modeled after a framework that was 
carefully selected and previously tested. Both survey and interview were pilot tested and iteratively 
revised to yield effective and targeted instruments for gathering data.   
Limitations: Due to the COVID pandemic, some modifications in our study design were 
necessary, specifically related to delivery of a digital survey for the pediatric dentistry group 
instead of paper survey. This affected our true convenience sampling method for recruitment of 
participants. The convenience sampling in itself contributed to a selection bias, as the subjects who 
attended the CE courses and chose to complete our survey may be inherently different in their 
clinical and personal experiences than those who did not. For our interview recruitment, we relied 
on self-identified interest from participants which continues to contribute to the selection bias. 
Though we aimed to diversify our interview group using maximum variation sampling based 
on geographic location, years in practice and gender, we still had an unrepresentative sample of the 
total practitioners in North Carolina.  In fact, we had underrepresentation from both Coastal Plains 
and the Mountain region. Additional limitations include a difference in the time interval 
between completion of the survey and interview phase for each group: pediatric dentists had 
several months between their survey and interviews, compared to orthodontists who had closer 
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to nine-ten months. This temporal difference creates a reporting bias since time can impact 
consistency of answers between both phases. Additional reporting biases includes the Hawthorne 
effect, where the interviewees could alter their responses due to the awareness of being recorded 
and analyzed. Overall, we acknowledge that our sample may also be misrepresentative of dentists 
across America, especially since NC appears to be one of the states taking strides towards adopting 
AT as a result of the influence of the University of North Carolina and affiliated dentists.   
  
Section 4.3: Anticipated Impact  
To our knowledge, our investigation is the first study of its kind, both in North America and 
nationally. We sought to gain an understanding of where barriers could like in the adoption process 
of a novel therapy. We believe our study can lay the groundwork for understanding where 
appropriate interventions can be implemented to address some of the limitations in knowledge, 
attitudes and practices. With appropriate time and effort, we believe that AT could become 
popularized in our community and championed among children with missing teeth. 
  Deficiencies in knowledge? Perhaps interventions targeted towards 
increasing general provider awareness could include discussion dental curriculum reform to teach 
AT and increase awareness in the general dentistry community. Or, targeting more specific 
knowledge barriers related to details of transplantation, we propose that protocols can be 
development based on published literature, case reports and case series to guide practitioners on how 
to treat a patient comprehensively.    
  Deficiencies in attitudes?  We propose interventions that aim to debunk misconceptions 
about AT among those providers who consider esthetic challenges and clinical success rates to be 
unrealistic. This could be achieved with local CE courses can be taught to showcase cases and give 
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providers more examples of how AT can transform smiles, or bringing key leaders from European 
nations who routinely perform AT and giving informational talks or seminars sharing their 
wisdoms.   
  Deficiencies in behavior? We uncovered multiple factors that providers rank as 
limiting their ability to implement AT. Some propositions to address these 
factors include: publishing systematic reviews, case reports and case series in American journals, 
such as the Journal of American Dental Association, or the American Journal of Orthodontics and 
Dentofacial Orthopedics, or Pediatric Dentistry where the audience can gain familiarity with the 
literature that is already out there related to survival and success data of transplanted teeth published 
in European and Asian literature. Other interventions to increase ease 
of interdisciplinary coordination would involve creating a localized center for AT care, similar to a 
cleft center where the team of experts can share a platform for communication and it can minimize 
logistical barriers for the patients.   
 
 Section 4.4: Future Research  
  This study lays the foundation for future research in several ways. Using NC as 
a platform, we suggest the study is replicated 1) at a regional or national level with a more 
representative sample of dentists across different states, to see if the results can be replicated or 
further informed; 2) among oral and maxillofacial surgeons and periodontists, as they are key players 
in the interdisciplinary team and perform the actual transplantation surgery; 3) among general 
dentists, who see a large portion of the nation’s children and have a key role in identifying and 
referring appropriate cases.   
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  Finally, we see tremendous value in comparing and contrasting European (where AT is more 
commonly practiced) and North American (where AT is still emerging) providers on these 
measures to see if core differences in knowledge, attitudes and behaviors exist at an international 
level. Perhaps understanding philosophical and cultural differences between nations that adopt and 






















CHAPTER 5: CONCLUSIONS 
  
1. The majority of NC pediatric dentists and orthodontists have general awareness and familiarity 
with AT (96%); they have a conceptual understanding of AT, an appreciation of 
the multidisciplinary care approach and a solid grasp for clinical indications.   
 
2. Providers can be grouped into four categories based on their attitudes towards AT Adopters, 
Believers, Skeptics and Non-Adopters. Most providers fell into the Adopters mentality and they 
considered AT as an alternative standard-of-care and filling a need in clinical practice. 
 
3. The most important factor influencing providers’ decision to implement AT was literature and 




























APPENDIX 4: SUMMARY TABLE OF SURVEY DATA 
      Cumulative  Pediatric 
Dentists  




In last 6mo   
               
ranges   0-12   25 (29%)   17 (40%)   8 (19%)      
   13-25   18 (21%)   8 (19%)   10 (23%)      
   26-50   28 (33%)   10 (24%)   18 (42%)      
   >50   14 (16%)   7 (17%)   7 (16%)      
Mean (SD)      49.44 (80.53)         0.125   
Median 
(variance)   





               
   Implant   
   
85 (88.54%)   38 (82.61%)   47 (94%)   0.080   
 AT 28(29.17%) 19 (41.30%) 9 (18%) 0.012* 
   Removable   56 (58.33%)   26 (56.52%)   30 (60%)   0.730   
 Fixed 61 (63.54%) 23 (50%) 38 (76%) 0.008* 
   Ortho   88 (91.67%)   43 (93.48%)   45 (90%)   0.538   
   Other   4 (4.17%)   3 (6.52%)   1(2%)   0.268   




               
   Implant   84 (88.42%)   39 (84.78%)   45 (91.84%)   0.283   
   AT   25 (26.32%)   14 (30.43%)   11 (22.45%)   0.377   
 Removable 31 (32.63%) 10 (21.74%) 21 (42.86%) 0.028* 
 Fixed 46 (48.42%) 15 (32.61%) 31 (63.27%) 0.003*** 
   Ortho   86 (90.53%)   43 (93.48%)   43 (87.76%)   0.341   
   Other   6 (6.32%)   2 (4.35%)   4 (8.16%)   0.445   
                  
Heard of AT      91 (96%)   43 (93%)   48 (98%)   0.285   
                  
Familiarity 
with AT   
            0.105   
   Not at all   4 (4%)   1 (2%)    3 (6%)      
   Slightly   39 (43%)   17 (40%)    22 (46%)      
   Moderately   30 (33%)   12 (28%)   18 (38%)      
   Very    18 (20%)   13 (30%)   5 (10%)      
                  
Learned about 
AT in….  
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   Dental School   20 (20.83%)   8 (17.39%)   12 (24.00%)   0.426   
   Residency    50 (52.08%)   22 (47.83%)   28 (56.00%)   0.423   
   CE   66 (68.75%)   34 (73.91%)   32 (64.00%)   0.295   
    Other 16 (16.67%) 4 (8.70%) 12 (24.00%) 0.044* 
      
Interested 
in AT   
            0.017*   
   Not at all   12 (12.90%)   7 (15.56%)   5 (10.42%)      
   Slightly   34 (36.56%)   15 (33.33%)   19 (39.58%)      
   Moderately   27 (29.03%)   8 (17.78%)   19 (39.58%)      
   Very   20 (21.51%)   15 (33.33%)   5 (10.42%)      
                  
Level of  past  
Participation  
     0.429 
 Considered   19 (20.43%)  7 (15.56%) 12 (25.00%)   
  Referred   24 (25.81%)  14 (31.11%) 10 (20.83%)    
  Participated   8 (8.60%)  5 (11.11%) 3 (6.25%)    
  None   42 (45.16%)  19 (42.22%) 23 (47.92%)    
      
On a scale of 1 
to 5 (SD) 
     
 Lack of 
Motivation  
4.01 (0.85)    













APPENDIX 5: CODEBOOK GENERATED FOR INTERVIEW ANALYSIS 
Code name   Code definition    
“fills a need”   In vivo code. AT is regarded as a viable option for replacement of missing 
teeth and is superior to other available options, regarded as the best option. 
It is seen as an alternative standard of care for patients and chosen above 
other pre-existing options   
“it makes sense”   In vivo code. Reported reason why AT is used in practice. AT makes sense 
biologically for the replacement of missing teeth   
“nothing to lose”   In vivo code. Reported reason why AT is used in practice. the risks of AT 
are low and there is no other alternate treatment option.   
# of visits   A priori code. code used when it is a barrier to AT. the possibility for 
multiple appointments or surgeries.   
AAO/AAPD 
clinical guidelines   
A priori code. code used when it is a barrier to AT. The availability of 
guidelines endorsed or published by the two main professional groups that 
providers belong to: American Academy of Orthodontics and American 
Academy of Pediatric Dentistry   
AT 
Center/Institution    
In vivo code. localized center for the provision of services related to AT, 
includes options such as a dental school or center.   
AT patient cases   A priori code. code used when participant talks about AT patient cases 
they have been involved (consider, refer, participate).   
AT protocol   In vivo code. participant referring to systems in place such as a document 
or reference that lays out appropriate sequence of treatment steps as well 
as the roles of all providers involved in patient management.   
Available 
resources   
A priori code. The availability of resources such as CE courses, cases in 
the community, published materials that participants can refer to. Code 
used when it is implied this is a barrier to adoption of AT.   
Best patient 
experience   
In vivo.  Topics related to offering the best patient experience (easier, 
faster, better quality, cheaper), doing what is best for the patient, and 
maintaining a patient centered approach to care.   
Dental education & 
training   
In vivo code. Topics related to insufficient dental training and education in 
dental school and/or residency that affect adoption of AT. AND Proposed 
as a possible solution to increase education in order to popularize AT.   
Educate patients 
on options   
In vivo code. Participants suggesting that educating patients, parents and 
families about treatment options.   
Familiarity with 
AT   
A priori code. How familiar are providers with AT - are they aware of it, 
what knowledge do they have regarding tx indications, outcomes, and 
procedure steps.   
Family factors   A priori code. Family factors related to the long term costs, time dedicated 
to treatment, compliance, keeping appointments and others.   
First exposure to 
AT   
A priori code. Participants indicating the first time they heard about or saw 
cases treatment with AT.   
Implant culture   In vivo code. Lacking market appeal for AT due to a prevailing culture of 




A priori code. Participants bringing up scenarios where AT is indicated in 
clinical practice.   
Insurance   In vivo code. Topics related to insurance coverage, billing, appropriate 
dental codes to allow for billing of procedure.   
Interdisciplinary 
coordination   
A priori code. The logistics related to interdisciplinary coordination that 
come up as potential barriers to AT.   
Interesting quotes   In vivo. Any quote that is deemed interesting and captivating   
Key opinion 
leaders   
In vivo code. Leader or spokesperson in the local community that can 
pioneer AT and champion it locally.    
Lack of awareness   A priori. No considered a routine option for treatment due to lack of 
awareness or acknowledgement of the existence of AT   
Lack of 
familiarity   
A priori code. Providers are lacking information and general content 
knowledge to feel comfortable with AT.   
Lack of 
motivation   
A priori. Proficiency in other procedures in dentistry such that providers 




A priori code. Belief that he/she cannot effectively participate or deliver 
AT to patients, self-doubt in one's own abilities.   
Level of interest in 
AT   
A priori code. Quantifying the level of interest providers have in AT as a 
therapy, whether it is high or low.   
Literature/EBD   A priori code. The lack of existence of published literature and sound 
evidence on the success of AT. This code can be utilized in respect to 
barriers to AT, and/or suggestions to popularize AT.   
Long-term 
esthetics   
In vivo code. The value placed on a long-term natural tooth solutions and 
esthetics by either patient or provider.   
Malpractice 
liability   
A priori code. Barrier to AT related to malpractice liability, litigation and 
the fear of the above in the eyes of the provider.   
Missing anterior   A priori code. Topics related to missing anterior teeth.   
Missing posterior   A priori code. Topics related to missing posterior teeth.   
Natural solutions   A priori code. Options for replacement of missing teeth that include natural 
solutions such as orthodontic space closure, retaining primary tooth, 
leaving the space or maintaining naturally functioning teeth.   
Others 
doing cases   
In vivo code. The idea that other providers in the community are involved 
in AT cases. This code is used in the context of popularizing AT.   
Outcome 
expectancy   
A priori. The anticipated success - whether high or low - of AT as a therapy 
either in the short term or long term.   
Participant info   A priori. Participant information related to background, training, practice 
location and practice demographics.   
Patient 
acceptance   
In vivo code. How likely is the patient to embrace AT as a procedure after 
they understand what it entails - can include topics related to patient’s 
perception of treatment and their interest or hesitation to accept it.   
Patient case 
selection   
In vivo code. Selection of the appropriate case where AT would be a viable 




In vivo code. Topics related to the discussion that happens on the back end 
when specialists discuss treatment planning and vision for the end goal. 
The continuous communication that is one aspect of team based care.     
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Popularize   In vivo code. Answers the question “what would need to happen to the 




A priori code. The patient’s philosophy regarding dental practice.    
Practice style 
evolution   
A priori code. How the participant's practice style has evolved over time, 
and discussion related to new dental therapies they have adopted and the 
thought process behind the adoption of new dental therapies.   
Prosthetic 
solutions   
A priori code. Options for replacement of missing teeth that include 
prosthetic solutions such as implants, dentures, partial dentures, retainers 
and other artificial tooth replacement options.   
Referral to 
specialist   
In vivo code. Code used when participant would indicate that AT as a 
procedure is not done by them, but is referred to a designated specialist, 
suggesting that the responsibility of treatment is deferred to someone else.   
Regional/Cultural 
differences   
In vivo code. Differences in the regional practice of dentistry, - at a state, 
national or international level as pertaining to AT as well as other 
treatments. Also includes cultural differences between dental communities 
in terms of what is valued, practice philosophy and ultimately affecting 
adoption of procedures.   
Reimbursement   A priori code. Topics related to reimbursement for AT, as well as overall 
costs to the provider and how these costs, whether high or low, are a barrier 
to the adoption of AT.   
Risk tolerance & 
adoption 
continuum   
A priori code. Topics related to the provider's general level of risk 
tolerance, whether high or low, as well as their position on the adoption 
curve for new technologies, procedures or materials in dentistry. 
Considered relative to peers or relative to oneself over time.   
Simple & 
efficient tx   
In vivo code . Topics related to valuing treatment that is simple, takes the 
path of least resistance and is efficient for both patient and provider. 




In vivo code. The ability (skill and knowledge) and desire (motivation) of 
the specialist (namely an oral surgeon or periodontist) to be able to provide 
the services needed to transplant the donor tooth.   
Tell the story   In vivo code . Examples of cases or actual patients who can depict their 
story of what it was like to receive AT therapy, shared within the 
community. Topics related to the patient as the advocate for the 
procedure.   
Tendency to do 
what you learned 
in DDS   
In vivo code. The participant's predilection to do what they were trained to 
do in dental school or residency training as a default in practice. Code can 
be used in the context of barriers to adoption of AT.   
Theoretical vs. 
practical   
In vivo code. Participants discussion of AT as a theoretical and 
experimental options rather than a practical solution in clinical 
practice. code used when topics related to applicability 
and plausibility of tx option.   
Tx planning - 
RBA   
A priori code. Discussion related to risks, benefits, alternatives 
of tx options; as well as the conversations surrounding treatment planning 
both in the short term and long term.   
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Value of learning 
& advancement    
In vivo code. Topics related to the value of learning and advancing one's 
skills as a dental provider, and related to the idea that there is a continuum 
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